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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an Ir compound which is a liquid at room temperature and which is useful for forming Ir 
or Ir02 films used as thin films for the electrodes of semiconductor devices by a chemical gaseous phase growth method (CVD 
method), to provide a method for producing the compound, and to provide a method for forming the film from the compound. 
SOLUTION: New ethylcyclopentadienyl(1,5-cyclooctadiene)iridium (C2H5C5H4) IKC8H12). The new compound is liquid at room 
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CLAIMS 



[Claim(s)] 

[Claim 1] Ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium. 

[Claim 2] The manufacture approach of the ethylcyclopentadienyl (1 , 5-cyclo-octadiene) 
iridium to which a screw (1 , 5-cyclo-octadiene chloro iridium) and sodium ethyl cyclo 
PENTAJIENIDO are made to react in a solvent. 

[Claim 3] The manufacture approach of the iridium content thin film characterized by 
contacting the substrate which heated the iridium content thin film by the approach of 
building with chemical vapor deposition on ethylcyclopentadienyl (1 . 5-cyclo-ootadiene) 
iridium. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing an iridium content thin film by the chemical- 
vapor-deposition method (it expressing a CVD method below) using ethylcyclopentadienyl (1 , 5-cyclo-octadiene) iridium 
(C2H5C5H4) Ir (C8H12). its manufacture approach, and it. 
[0002] 

[Description of the Prior Art] In recent years, TiO(Ba, Sr)3 thin film of a high dielectric constant Pb(Zr, Ti) 03 thin film of a 
ferroelectric, etc. are being developed as a capacitor with high integration of ULSI. Ir and/or Ir02 thin film is examined as this 
electrode. Although many sputtering of Ir metal is used and many reactive sputtering of Ir metal is used as a process of Tr02 
thin film as a process of this Ir thin film, the CVD method is expected as correspondence to the step hippo register and mass- 
production nature at the time of making it detailed more. As an volatile Ir compound used for a CVD method, tris (dipivaloyl 
meta-NATO) iridium iKdpm) 3, tris (acetylacetonato) iridium Kacac) 3. cyclo BENTA dienyl (1, 5-cyclo-octadiene) iridium (C5H5) 
Ir (C8H12), methylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (CH3C5H4) Ir (C8H12). etc. are examined. 
[0003] In the collection p491 of the 42nd time applied physics relation union lecture meeting lecture drafts of the Heisei 7 spring, 
and 30-p-D -1 4 (Nakabayashi et al.) t having formed Ir on 500-600-degree C Si substrate with the CVD method, using Ir (dpm)3 
as a raw material, having heat-treated at 600 degrees C among air after that, and having been referred to as Ir02 is indicated. 
However, at a room temperature with a melting point of 235 degrees C, Ir (dpm)3 is a solid-state crystal, and the vapor pressure 
of O.ITorr is near 150 degree C, and it serves as supply by sublimation. 

[0004] In the collection p400 of the 56th time Japan Society of Applied Physics academic lecture meeting lecture drafts of the 
Heisei 7 autumn, and 27 p-ZG -3 (old moons), having formed Ir02 on the 400-degree C MgO substrate with the CVD method, 
using Ir (acac)3 as a raw material is indicated. However, at a room temperature with a melting point of 269 degrees C, Ir (acac)3 
is a solid-state crystal, and the vapor pressure of O.ITorr is near 180 degree C, and it serves as supply by sublimation. 
[0005] J.B. It is rn as Hoke and E.W.Ste. and H.H.Murray and J.Mater.Chem. Vol.1 ,551 (1991), Having made the steam from Ir 
(C5H5) (C8H1 2) or Ir (CH3C5H4) (C8H1 2) kept at 95 degrees C accompany to hydrogen gas, and having formed the film of the 
iridium metal below carbon 1 atom % in ** and a 1 20-degree C fused silica substrate with the CVD method is indicated. 
Furthermore, ft is indicated that oxidized the steam from Ir (C5H5) (C8H12) or Ir (CH3C5H4) (C8H12) kept at 80 degrees C under 
oxygen tension 1.3Torr, and carbon and oxygen formed the film of the iridium below 1 atom % in the 270-degree C substrate with 
the CVD method. 

[0006] In USP5130172, the steam of the organometallic compound expressed with LnMRm obtained with heating of 100 degrees 
C or less is exposed to a heating substrate 190 degrees C or less, subsequently to hydrogen gas, expose below 100 degrees C, 
this organic metal and hydrogen are made to react, and the process which coats a metal membrane is indicated. Here, set to 
LnMRm. L Hydrogen, ethylene, an allyl compound, a methyl allyl compound, swine dienyl, pentadienyl, With cyclopentadienyl, 
methylcyclopentadienyl, cyclohexa dienyl, hexa dienyl, cyclo heptatrienyl, or these derivatives A thing with at least one alkyl side 
chain smaller than a carbon number 5 is expressed. M The metal which can carry out the cycle of the two oxidization conditions 
easily, and can carry out catalyst hydrogenation of the brown coal-ized hydrogen ligand is expressed, and R expresses methyl, 
ethyl, propyl, and butyl, and n is an integer from 0 to a metaled valence, and m is an integer from 0 to a metaled valence, and 
(n+m) it becomes a metaled valence. Tr compounds indicated by the claim which specified the compound name are triaryl iridium 
(C3H5) 3Ir, cyclopentadienyl (hexadiene) iridium (C5H5) (C6H10) Ir, cyclo BENTA dienyl (cyclohexadiene) iridium (C5H5) (C6H8) 
Tr, and the pentamethylcyclopentadienyl iridium screw (ethylene) (C5(CH3) 5) IKC2H4) 2. 

[0007] Among the above-mentioned compounds, the melting point is reference. Dictionary of Organometallic It will become Table 
1 if what is indicated by Compounds, Vol.2 (2nd Ed.1996, Chapman & Hall), etc. is mentioned. As shown in Table 1, all compounds 
are solid-states at the room temperature of 25 degrees C. 
[0008] 
[Table 1] 
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[0009] In the CVD method, the method which supplies a raw material compound by sublimation is inferior in quantum nature, a 
controllability, and mass-production nature compared with the method supplied with a liquid, or the method supplied by 
evaporation of the liquid by bubbling of a carrier gas. Moreover, if it heats and is made to a liquid, since it can supply by 
evaporation, a controllability will improve considerably. However, constraint is attached to the method and equipment which can 
still be used compared with the case where the compound of a liquid is used, at a room temperature. Therefore, the raw material 
compound which is a liquid at a room temperature, heats and has sufficient vapor pressure is called for. However, the compound 
which the thin film of Ir can be formed with a CVD method, and is a liquid at the room temperature of 25 degrees C, and has 
vapor pressure is not well-known. 
[0010] 

[Problem(s) to be Solved by the Invention] In case the technical problem which this invention tends to solve forms Ir and Ir02 
thin film with a CVD method, it is a liquid at the room temperature of 25 degrees C, and is offering the approach of indicating the 
compound which has sufficient vapor pressure, performing CVD using it and building Ir and Ir02 thin film. It is offering the 
manufacture approach of the compound furthermore. 
[0011] 

[Means for Solving the Problem] this invention person has studied CVD which has used composition and it of an organometallic 
compound for years, in order to solve the above-mentioned technical problem — the sheep — when well-known 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) was compounded and refined and the melting point 
and vapor pressure were measured, it was desirable physical properties, and when Ir and Ir02 film were further made from CVD 
using it, it finds out that it is stabilized and the good film is obtained, and came to complete this invention. That is, this invention 
is because ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) was found out as a raw material of a 
liquid at the room temperature of 25 degrees C for building Ir and Ir02 film with a CVD method. 
[0012] 

[Embodiment of the Invention] The compound of this invention is ethylcyclopentadienyl (1 , 5-cyclo-octadiene) iridium 
(C2H5C5H4) Ir (C8H12). This invention is the manufacture approach of the above-mentioned compound excellent in mass- 
production nature. The pattern is J.B.Hoke and E.W.Stern. and It is the synthesis method of H.H.Murray and the 
methylcyciopentadienyl (1, 5-cyclo-octadiene) iridium indicated by J.Mater.Chem.Vol.1,551 (1991). It carries out the churning 
reaction of a screw (1, 5-cyclo-octadiene GURORO iridium) [(C8H12) IrCl] 2 and sodium methyl cyclo PENTAJIENIDO Na 
(CH3C5H4) at a room temperature from -78 degree C in THF. If it collects and sublimates, it will indicate about Ir that 
methylcyciopentadienyl (1, 5-cyclo-octadiene) iridium (CH3C5H4) Ir (C8H12) is obtained with 81% of yield. 
[0013] In Hoke's and others approach, when this invention person uses sodium ethyl cyclo PENTAJIENIDO and it was made to 
react on the same conditions instead of sodium methyl cyclo PENTAJIENIDO, he found out that target ethylcyclopentadienyl (1, 
5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) was obtained. 

[0014] After the reaction, reduced pressure distilling off of the THF solvent was carried out the specified substance was 
extracted from ********** currently generated by the hexane, and when reduced pressure distilling off was carried out and 
vacuum distillation of the hexane was subsequently carried out (105 degrees C / 0.3Torr), the liquid of light yellow was obtained. 
This liquid was identified ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) from Ir content analysis, 
CH analysis, and 1 H-NMR analysis. The melting point is a liquid which is easy to supercool at 14 degrees C, and the viscosity in 
a room temperature is about 20 cP extent It is stable in air and hard to react with water. Thermal stability was high, and 
according to TG-DTA under Ar ambient atmosphere 1 atmospheric pressure, it evaporated 100% at 260 degrees C. 
[0015] This invention is also the approach of compounding the ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) 
Ir (C8H12) of the high grade which can be used as a raw material of an electronic ingredient 

[0016] This invention is also the approach of building Ir content thin film with a CVD method using ethylcyclopentadienyl (1, 5- 
cyclo-octadiene) iridium (C2H5C5H4) Tr (C8H12). If this compound is kept at about 80-150 degrees C, bubbling of the carrier gas 
is carried out to this liquid under reduced pressure, evaporation company is carried out and a pyrolysis is carried out on a 100- 
500-degree C substrate among delivery and a hydrogen ambient atmosphere into a pyrolysis reactor, Ir thin film can be formed. 
Moreover, if a pyrolysis is carried out on a 250-500-degree C substrate among a hypoxia partial pressure, Ir thin film can be 



formed. Instead of carrying out evaporation supply by bubbling, the method supplied and evaporated with a liquid massfiow 
controller is also possible. 

[001 7] The primary method which forms Ir thin film by this invention is the approach of pyrolyzing under a hydrogen ambient 
atmosphere and on a 1 00-500-degree C substrate. Ir thin film obtained under a hydrogen ambient atmosphere is a metal 
membrane with little carbon incorporation in a beautiful mirror plane. In order to obtain Ir02 thin film, it is obtained by heat- 
treating above 550 degrees C in the ambient atmosphere which pyrolyzed under oxygen gas coexistence above 550 degrees C, or 
contained oxygen after forming Ir thin film. 

[0018] The second approach of forming Ir thin film by this invention is the approach of pyrolyzing under a low-pressure-oxygen 
ambient atmosphere and on a 250-500-degree C substrate. Ir thin film obtained under a low-pressure-oxygen ambient 
atmosphere is a metal membrane with little incorporation of carbon and oxygen in a beautiful mirror plane. When carrying out film 
attachment of this approach on the compound which dislikes reducing atmosphere, it is convenient. 
[0019] 

[Example 1] The vacuum permutation of the 500ml four-lot flask equipped with the manufacture reflux condenser of 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12), the thermometer, the dropping funnel, and the 
impeller was carried out, it considered as the argon ambient atmosphere, THF350ml was taught, subsequently [(C8H12) Screw (1, 
5-cyclo-octadiene chloro iridium) IrCI] 216.8g (25.0mmol) was taught, and it was made to dissolve. 31ml of sodium ethyl cyclo 
PENTAJIENIDO Na(C2H5C5H4)7.2g (62.0mmol) THF solutions was added from the dropping funnel, cooling and agitating this 
reaction flask at -78 degrees C. - The temperature up was gradually carried out to the room temperature after 30-minute 
churning at 78 degrees C, and it agitated at the room temperature for 30 minutes. Subsequently, under reduced pressure, 
solvents were distilled off, and hexane 300ml was added to ********** which remained, and it dissolved in it. When the hexane 
was distilled off except for little settlings by filtration and vacuum distillation was carried out by about 0.3 TorKs), 1 5.2g of liquids 
of light yellow was obtained as a 100-1 10-degree C fraction. This liquid was ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium 
(C2H5C5H4) Ir (C8H12), was equivalent to 38.6m.mol with the following identifications, and was 77% of yield. 
[0020] Identification (1) Ir analysis value 50.8wt% (theoretical-value 48.84wt%) 

(2) CH analysis C45.36wt% H5.42wt% (theoretical value C45.78wt% H5.38wt%) 

(3) 1 H-NMR equipment BRUKER AC300P (300MHz) 
Solvent CD2C12 Approach 1D spectrum and attribution 
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[0021] Physical properties and the purity (4) melting point 14 degrees C (5) vapor v pressure which is easy to supercool 100-110 
degrees C / 0.3Torr (6) consistency About 1 .5 g/cm3 (7) viscosity About 20 cP(s) (room temperature) 

(8) Reactivity Air and water do not react but are stabilization (9). thermal stability. It is 150 degrees C and they are the bottom of 
a stabilization (10) TG-DTA Measuring condition; Arl atmospheric pressure, and sample weight. 12.67mg, programming rate 10.0 
deg/min result; loss in quantity began from about 120 degrees C, and its weight was reduced 100% at 260 degrees C 50% by 240 
degrees C. 

(11) Purity impurity analysis value (unit ppm) 

Fe 1 aluminum <1, Si 3 Na <1, calcium It was a high grade 1 and as above-mentioned. 
[0022] 

[Example 2] The whole system of the manufacture raw material container of the pure Ir thin film by the CVD method using 
ethylcyclopentadienyl (1, 5^cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) and a pyrolysis reactor was maintained at reduced 
pressure of 1 0TorKs) by the rotary vacuum pump and the pressure regulating valve. Put the raw material container filled up with 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) lKC8H12)13g into the 100-degree C thermostat, carried out 
bubbling of the carrier gas Ar by 10sccm(s), this gas was made to carry out evaporation company of the ethylcyclopentadienyl (1, 
5-cyclo-octadiene) iridium, and it introduced into the pyrolysis reactor. Hydrogen gas 1 0Osccm was also introduced into the 
pyrolysis reactor at coincidence. In the pyrolysis reactor, the quartz substrate heated by 400 degrees C is set, 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium decomposed on this substrate, and the pure Ir thin film was formed in the 
thickness of 50nm in 25 minutes. It identified that it was Metal Ir by XRD. Although the film was dissolved and the metal impurity 
was analyzed by ICP AEM, metal impurities other than Ir were not detected. 
[0023] 

[Example 3] The whole system of the manufacture raw material container of the pure Ir thin film by the CVD method using 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) and a pyrolysis reactor was maintained at reduced 
pressure of 1 0TorKs) by the rotary vacuum pump and the pressure regulating valve. Put the raw material container filled up with 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) lKC8H12)13g into the 100-degree C thermostat, carried out 
bubbling of the carrier gas Ar by 10sccm(s), this gas was made to carry out evaporation company of the ethylcyclopentadienyl (1, 
5-cyclo-octadiene) iridium, and it introduced into the pyrolysis reactor. Oxygen gas 20sccm was also introduced into the 
pyrolysis reactor at coincidence. In the pyrolysis reactor, the quartz substrate heated by 300 degrees C is set, 
ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium decomposed on this substrate, and the pure Ir thin film was formed in the 
thickness of 60nm in 30 minutes. From XRD, it identified that it was Metal Ir. Although the film was dissolved and the metal 
impurity was analyzed by TCP spectrograph ic analysis, metal impurities other than Ir were not detected. 
[0024] 

[Example 4] In the manufacture example 3 of pure Ir02 thin film by the CVD method using ethylcyclopentadienyl (1, 5-cyclo- 
octadiene) iridium (C2H5C5H4) Ir (C8H12), when the formed pure Ir thin film was made into the oxygen ambient atmosphere at 



600 degrees C, it became Ir02 thin film. Identification was performed by XRD. 
[0025] 

[Effect of the Invention] The ethylcyclopentadienyl (1, 5-cyclo-octadiene) iridium (C2H5C5H4) Ir (C8H12) of this invention is a 
liquid at a room temperature, since it has sufficient vapor pressure near 10Q degree C t as a CVD raw material, can be 
quantitatively supplied with gas bubbling thru/or a liquid massflow controller, and can form Ir content thin film on a substrate by 
the pyrolysis. By this invention, pure Ir and the thin film of Ir02 can be formed with the CVD method excellent in mass- 
production nature. 



[Translation done.] 



